Introduction
The first step in the prenatal diagnosis of X-linked genetic disorders like Duchenne muscular dystrophy (DMD) or hemophilia is the determination of fetal sex. Chorionic villus sampling (CVS) and amniocentesis have long been used to determine sex. A female fetus may have a wild-type genotype or be a carrier of DMD, but further genetic analysis is crucial for a male fetus because a male fetus has a 50% change of having DMD. Pregnant carriers risk miscarriage when undergoing an invasive prenatal diagnosis (IPD). Noninvasive prenatal diagnosis (NIPD) is preferable for fetal sex determination during the first trimester since it avoids the unnecessary risks of IPD in pregnant female DMD carriers.
Cell-free fetal DNA (cffDNA) was found in maternal plasma in 1997 (1) and its measurement represents a potential form of NIPD. The cffDNA in maternal plasma can be detected as early as 7 weeks. cffDNA comprises about 3-6% of the total cell-free DNA in maternal plasma (2) . Detecting the sex-determining region on the Y chromosome (SRY) or other Y chromosome-specific sequences based on cffDNA from maternal plasma is one technique for non-invasive fetal sex determination during the early trimester of pregnancy (3) (4) (5) . Fetal sex can be diagnosed before CVS can be performed. In the current study, cffDNA was measured for fetal sex determination during prenatal diagnosis of DMD. The fetal sex was determined at about 9 weeks of gestation by means of quantitative real-time polymerase chain reaction (PCR) with a taqman probe to detect SRY with cffDNA in maternal plasma. If the fetus was male, CVS was performed at 12 weeks followed by DMD and multiplex ligation-dependent probe amplification (MLPA) analysis. If the fetus was female, CVS was avoided. Fetal sex was later confirmed by ultrasound at 16 weeks. Whether a female fetus is a carrier or not can be determined after delivery.
Materials and Methods

Materials
All study protocols were approved by the Ethics Committee of He'nan Provincial People's Hospital. All of the pregnant women and their partners gave written informed consent and received genetic counseling. MLPA analysis was performed on the fetuses of 15 pregnant women who were DMD carriers. Brief Report
Sampling and extraction of cffDNA in maternal plasma
EDTA blood samples (8 mL) were taken at about 9 weeks of gestation. The blood samples were centrifuged twice at 3,000 g and then at 12,000 g to obtain cellfree plasma. Cell-free DNA was extracted from 2 mL of maternal plasma using the QIAamp blood mini kit (Qiagen, Hilden, Germany). DNA was eluted into 40 μL of solution buffer.
Sex determination using quantitative real-time PCR
Quantitative real-time PCR analysis was performed using an Applied Biosystems 7500 Fast Real-Time PCR System. TaqMan Each sample was analyzed twice. The 500 genome equivalent (GE, 6.6 pg of DNA per genome equivalent), 100 GE, and 10 GE were used as positive controls to confirm the sensitivity of the PCR assay. Thermal cycling was initiated with a first denaturation step of 20 s at 95°C and then 40 cycles of 95°C for 3 s and 60°C for 30 s.
MLPA analysis of male fetuses
For male fetuses, DNA was isolated from amniotic fluid cells using the TIANamp Genomic DNA kit (TIANGEN, Beijing, China), and the quality and quantity of DNA was checked using a Nano-Drop 2000 Spectrophotometer. Salsa MLPA kits (P034A2 and P035A2, MRC Holland, Amsterdam, Netherlands) were used to determine whether the fetus had DMD or not. In accordance with the manufacturer's instructions, amplification products were electrophoresed on an ABI 3130 Genetic Analyzer (6) . Products were then analyzed using Coffalyser v9.2 software.
Results and Discussion
Fetal sex determination using cffDNA in maternal plasma
The 15 fetuses studied included 6 males and 9 females, and sex was later confirmed by CVS or ultrasound. Fetal sex was determined by means of quantitative realtime PCR after 9 weeks (Figure 1 ).
MLPA analysis of male fetuses
As shown in Figure 2 , MLPA revealed deletion of exons 3-20 (A, B) and duplication of exons 13-43 (C, D) in male fetuses. Details on the mutations identified are shown in the figure.
The main advantage of measuring cffDNA as part of prenatal diagnostic is that sampling can avoid unnecessary risks associated with conventional techniques of prenatal diagnosis (including CVS and amniocentesis). The mean concentration of cffDNA in maternal plasma was more than 20 times higher than that in the cellular fraction of maternal blood at the same gestational stage. The cellular fraction may be present in maternal plasma for years. cffDNA cannot be detected by enzymolysis a few hours after delivery (1), so false-positive results from women who had previously carried a fetus with DMD can be avoided.
cffDNA can be detected in the first trimester of pregnancy. Its measurement is necessary for fetal sex determination since a positive result can allow pregnant women to avoid suffering by terminating a pregnancy early. Non-invasive fetal sex determination using cffDNA can avoid unnecessary CVS and amniocentesis of female fetuses for the prenatal diagnosis of X-linked genetic disorders (4, (7) (8) (9) . DMD is one of the most common genetic muscular dystrophies. The onset of symptoms in affected individuals is generally before the age of 5 and most die in the course of the second or third decade of life due to respiratory or heart failure (10). Thus, prenatal diagnosis is crucial for families of carriers.
Fetal DNA analysis using maternal plasma would be most useful in the detection of paternally-inherited fetal mutations or autosomal recessive genetic disorders where the father and mother carry different mutations (11) (12) (13) (14) . Increased amounts of fetal DNA may also be found in instances of conditions associated with placental damage, such as pre-eclampsia (15, 16) . Recent studies showed that cffDNA could be used in prenatal screening for fetal chromosomal disorders (trisomy 18, trisomy 13, and Down syndrome) (17, 18) .
The main difficulty of using cffDNA in NIPD lies in the low concentration of cffDNA and presence of a larger quantity of background maternal DNA in plasma, so sensitive and specific techniques like the use of a real-time TaqMan system are needed. In conclusion, cffDNA could be used for fetal sex determination in the first trimester of pregnancy to screen for gender-specific inherited disorders while avoiding an unnecessary CVS. 
